in 1985 and has been frequently used in the USA where good summer productivity has been reported (Jung et
Lancelot and Ceres Tonic. Grasslands Lancelot was selected for its bushy growth habit and the ability to tiller strongly under close grazing by sheep (Rumball et al., 1997) . Ceres Tonic was selected for erect growth habit T he modality of growth of cool-season grass speand large leaves (Stewart, 1996) . cies, which predominate in pastures of the northForage chicory has greater potential yields than planeastern USA (Baylor and Vough, 1985) , generates an tain under clipping (Sanderson et al., 2003) , but the uneven distribution of herbage supply over the growing latter grows on a wider range of agricultural soils than season. Productivity of cool-season species follows a chicory. Consequently, the utilization of these two spebimodal distribution, reaching maximum yields in the cies for pasture purposes could improve forage availabilspring and minimum yields during the summer (Moser ity during the summer over a wide range of soil condiand Hoveland, 1996) . The availability of species that tions. While some reports on the productivity and are more productive during the summer is limited, requality of chicory under nongrazing situations have been stricting the choices for farmers to improve seasonal generated in the northeastern USA , productivity of their pastures and often forcing farmers 2000; Holden et al., 2000; Jung et al., 1996) , most availto base their carrying capacity on the possible occurable information on grazed chicory pastures comes from rence of a midseason forage shortage.
climatic conditions different than those observed in this Chicory was first reported as having excellent forage region (Collins and McCoy, 1997; Li et al., 1997a Li et al., , 1997b ; value under rotational grazing in the late 1970s (LancaStewart, 1996; Belesky et al., 1996; Ruiz-Jerez et al., shire, 1978) . The cultivar Grasslands Puna was released 1991). Information on plantain and its adaptability to the conditions of the northeastern USA is scarce (Sand-M. Labreveux, Agric. and Nat. Resour. Dep., Delaware State Univ., erson and Elwinger, 2000; Sanderson et al., 2003) . Li et al. (1997a) in New Zealand and summer. Visual assessments of canopy structure taken during Volesky (1996) in Oklahoma where rest periods of 4 and 5 wk 1998 were also considered when establishing target intensity were more productive than those 1 or 2 wk long. Paddocks of grazing. Grazing treatments consisted of leaving two postwere grazed frequently and severely (3 wk and 50 mm), fregrazing stubble heights during summer but only one intensity quently and lightly (3 wk and 150 mm), infrequently and seof grazing (50 mm) during the spring to prevent development verely (5 wk and 50 mm), or infrequently and lightly (5 wk of reproductive structures. The severe (Sev) treatment plots and 150 mm). All cultivars (subplots) within a grazing treatwere grazed to an average canopy height of 50 mm during ment (main plot) and block were grazed at the same time.
the entire season of growth while the severe-moderate (Sev/ The number of animals per paddock at each grazing event Mod) plots were grazed to a 50-mm stubble height in the spring (12 to 14 cow-calf pairs) was adjusted to minimize the grazing and 100 mm in the summer. Canopy height was monitored period and avoid pasture damage. The approach resulted in biweekly, and time to grazing was determined according to periods no longer than 36 h. Grazing began on 5 May and these results. Height monitoring was done with a meter stick, ended 9 Sept. 1998. Herbage mass was collected before grazing and height was defined as that of the first vegetative leaf from four 0.1-m 2 quadrats cut to ground level with electric (standing and not trampled in the case of postgrazing measureshears. All material was oven-dried at 55ЊC for 48 h and ments) touching the measuring device. Twenty-five readings weighed. Plant and tillers were counted on 1 Oct. 1997, 1 Apr.
were made on each plot. and 12 Oct. 1998, and 4 May 1999. Plants of chicory and Grazing began when canopy height reached 250 mm on plantain were counted once per subplot in a 0.6-by 0.6-m orchardgrass and chicory plots and 200 mm on plantain plots. quadrat area, whereas orchardgrass tillers were counted inside
The number of animals per paddock at each grazing event a 0.1-m 2 quadrat on three randomly assigned areas within was adjusted to limit the grazing period to no longer than 36 h the subplot.
to minimize pasture damage. In 2000, profuse rainfall during Data were analyzed using the MIXED procedure of SAS May delayed the date to first grazing; consequently, many Institute (1998). Results for DM yield were separated into reproductive structures remained after grazing, and plots had spring (from May to July) and summer (July through Septemto be mowed to a height of 100 mm. For consistency purposes, ber) seasons and compared within each season. Preplanned this procedure was repeated in 2001. In general, between 7 orthogonal contrasts were used for mean separation (Steel et and 10 beef cow-calf pairs were used to graze the plots to a al., 1997). Cultivars were evaluated using Pennlate orchard-100-and 50-mm stubble, respectively. Total time for grazing grass as the control. Planned cultivar comparisons were Forage the entire experiment (rotation time) was approximately 10 Feast chicory vs. Pennlate orchardgrass, Lacerta chicory vs.
d. Plant counts were made in May, August, and October. Pennlate orchardgrass, Puna chicory vs. Pennlate orchardHerbage samples were taken before grazing. At each sampling date, two 1.6-m 2 areas were cut to ground level; 0.53 m 2 was Littel et al. (1996 Littel et al. ( , 1998 
RESULTS AND DISCUSSION
frequency nor intensity of grazing alone was responsible Several periods of low precipitation occurred during for the lower yields; rather, the combination of 3-wk this 3-yr study (Table 1) As observed in the spring, summer-of-1998 main efreceived the lowest amount of rainfall of the 3-yr study.
fects were significant (grazing treatment and cultivars; Total amount of rain during the 1998, 2000, and 2001 P Ͻ 0.001) but not their interaction (P ϭ 0.51). Regardgrowing seasons (May through October) was approxiless of the intensity, frequently grazed plots yielded less mately 452, 422, and 308 mm, respectively. Mean than their counterparts grazed every 5 wk, the difference monthly air temperatures for the entire growing season in average yield being more than twofold (1670 vs. 4450 were similar to the long-term average.
kg DM ha
Ϫ1
; P Ͻ 0.001). All cultivars, except Puna chicory, yielded less than Pennlate orchardgrass (TaPasture Productivity and Cultivar ble 2). Forage Feast, Lacerta chicory, and Lancelot plan-
Comparison-Experiment 1
tain yielded between 30 and 40% less, whereas Ceres Tonic plantain yielded 20% less than the orchardgrass. Herbage productivity during spring 1998 differed among cultivars (Table 2 ) and grazing treatments (TaResults of this 1-yr experiment showed that, during the spring, chicory and plantain cultivars could be grazed at ble 3) although there were no interactions (P ϭ 0.45). Pennlate orchardgrass, Puna chicory, and Lancelot planeither 3-or 5-wk grazing frequencies (Table 3) without negatively affecting yields. During the summer, a longer tain had the highest yields, on average, 20% greater than those of Forage Feast chicory, Lacerta chicory, and rest period was required to achieve maximum yields. However, in either season of study, minimum yields Ceres Tonic plantain. The plots grazed frequently and severely had the lowest yield, approximately 25% lower were obtained when cultivars were grazed to a 50-mm stubble height every 3 wk. Energy for regrowth, if suffithan either plots grazed frequently and lightly (P Ͻ 0.05) or infrequently and severely (P Ͻ 0.05). Neither cient regrowth buds are present, is either provided by achieve maximum accumulation (Davies, 1988 grazing some types of orchardgrass such as Pennlate, leaving a 100-mm stubble height to prevent depletion * Significant at the 0.05 probability level. ** Significant at the 0.01 probability level.
of reserves and productivity losses such as those ob-*** Significant at the 0.001 probability level. and a 3-wk rotation may not have sufficed to achieve § NS, nonsignificant at the 0.05 probability level.
¶ Cultivar mean planned orthogonal contrasts against Pennlate.
maximum DM accumulation. There is little or no information regarding the regrowth rates and reserve allocation and remobilization requirements for either chicory effect on the DM yield of any of the cultivars under (Li et al., 1998) or plantain cultivars, and these topics study (Table 4) . may be an aspect for future study.
Drier weather conditions during 2001 (Table 1) had Published reports (Volesky, 1996; Li et al., 1997a;  an effect on the length of the regrowth period (Table 5) . Belesky et al., 1999; Sanderson et al., 2003) suggest On average, it took Puna chicory and Pennlate orthe use of a 5-wk cutting or grazing interval to attain chardgrass 27.5 and 37.5 d to regrow in 2000 and 2001, maximum yields of Puna chicory or other chicory and respectively. Puna chicory showed stunted growth from 28 June until 20 August, the second and third grazing plantain cultivars. Results after this first year of study dates, respectively. Fifty-three days elapsed between support the possibility of reducing the rest period during these two grazing events, 21 d longer than the regrowth the spring to 3 wk. A reduction in the rest period during period registered for Pennlate orchardgrass. However, the spring limits partitioning of DM into reproductive Pennlate orchardgrass showed signs of stress, possibly structures. In the case of chicory, a taller stubble can due to dry weather between the third and forth grazing lead to a nondesirable canopy structure, with regrowth cycle when its regrowth period was extended to 48 d. occurring from buds left on the flower stalk instead of Assuming there were no differential effects of stand those coming from the crown (Li et al., 1998) . During age on the productivity of Puna chicory and Pennlate the summer, the suggested 5-wk rest period could be orchardgrass, the length of the regrowth period alone restored to ensure maximum DM yields.
cannot explain the differences observed between years in the amount of DM produced by Pennlate or-
Dry Matter Yields in 2000 and
chardgrass and Puna chicory over the summer. How-
2001-Experiment 2
ever, the date to first grazing may have played an imporThe average DM yield of Puna chicory during the tant role, allowing for a longer grazing season with spring of 2000 and 2001 was 61 and 57% greater than Pennlate orchardgrass than with Puna chicory. In 2000, that of Pennlate orchardgrass during the same seasons the date to first grazing was postponed for both species (Table 4) . Lancelot plantain had a 50% greater DM until the beginning of June due to heavy rain during yield than Pennlate orchardgrass in spring 2000 (P Ͻ May (Table 1) . In 2001, Pennlate orchardgrass was ready 0.05), and a year later, the spring DM productivity of to be grazed on 7 May, 30 d earlier than the previous these cultivars did not differ.
year, allowing for a longer grazing season (151 d in 2001 The average summer DM productivity of Puna chicvs. 108 d in 2000) with five grazing cycles despite lower ory in 2000 was close to 90% greater than that of Penrainfall (Table 5) . Puna chicory seemed to have a slower nlate orchardgrass (P Ͻ 0.05) while in 2001, summer rate of growth after wintering, which could be caused yield of both cultivars was similar. Differences in the either by a higher basal temperature (Clapham et al., 2001 ) or a greater vernalization requirement. In both grazing strategy during the summer did not have an study years, the Puna chicory paddocks were not ready of 1999 showed that Ceres Tonic plantain had the lowest plant density. While winter may have killed 50% of to be grazed until the end of May, which in 2001, a dry year, resulted in one less harvest cycle than in 2000.
Lancelot plantain stand, Ceres Tonic plantain lost 95% of the plants, making it a less suitable plantain cultivar Although the differential potential ability of Pennlate orchardgrass and Puna chicory to improve summer profor use in perennial pastures in northeastern USA. When developing Ceres Tonic plantain, breeders used ductivity was not expected to arise from the length of grazing season, it cannot be overlooked. Faster growth genotypes from the Mediterranean region of Portugal (Stewart, 1996) . Mediterranean ecotypes, when grown at lower temperatures should be a characteristic to consider when breeding chicory cultivars for the northeastin temperate regions, can have greater autumn yields but low persistence, presumably related to lower winter ern USA.
Summer DM yield of Lancelot plantain was similar dormancy. For example, continental ecotypes of tall fescue (Festuca arundinacea Schreb.) have been reto that of Pennlate orchardgrass in 2000 (Table 4 ) but more than three times lower in the summer of 2001 ported to be more winter hardy than their Mediterranean relatives (Robson, 1967) . (P Ͻ 0.05). This disparity in productivity between years, however, is primarily attributed to plant density losses Significant reductions in chicory and plantain stand density have been reported (Stewart, 1996; observed on Lancelot plantain plots. Low persistence and productivity losses of Lancelot plantain under vari1997a Lancelot plantain under vari , 1997b Lancelot plantain under vari , 1998 Belesky et al., 2000) , suggesting that the losses registered in Exp. 1 can be either intrinsic to ous growing conditions have been reported by Sanderson et al. (2003 ), Labreveux (2002 , and Skinner and the genotype or caused by the interaction of multiple stresses such as grazing, drought, N fertilization, and Gustine (2002) .
Some aspects of the grazing strategies applied during this experiment should be considered in the overall analysis of productivity. As opposed to the conventional fixed-term grazing schedule utilized in Exp. 1, the height-based grazing strategy applied in Exp. 2 allowed to control the stress imposed to plants over the summer and potentially reduce plant stand losses. However, it may be beneficial to adopt differential target heights depending on the environment, the seasons, or the weather conditions. In a separate study, when Puna chicory was grown under simulated drought stress and clipped every 3 and 5 wk, water shortage did not affect the amount of DM produced (Labreveux, 2002) . A reduction in leaf area expansion was observed during that study, which was most likely related to the shortage of water and its role in cell elongation (Van Volkenburgh, 1994) . Based on these results, it could also be assumed that the height of expanded leaves in a canopy would be affected by drier weather conditions as well.
Stand Density
Plant density during 1998 of Exp. 1 declined regardless of the grazing treatment applied (Fig. 1) . Puna and Forage Feast chicory and Lancelot plantain losses ranged between 25 and 45% of their initial stand. The highest losses were observed in Lacerta chicory, with an 80% 20%. Nevertheless, plant counts taken after the winter heat stress. This question remained unanswered after plantain plots in the northeastern USA could be related to low tolerance to winter temperatures (Skinner and our 1998 trial. Gustine, 2002 , much lower than during Exp. 1 (Fig. 2) . For this entry, whereas in Exp. 2, the average density remained the losses during 2000 did not exceed 8% and were not same (100 plants m
Ϫ2
). This difference suggests that affected by the intensity of grazing during the summer.
grazing strategy influences the survival rate of Puna Lancelot plantain plots, however, did not perform as chicory in a 2-yr-old pasture. well. Plant density of Lancelot plantain was reduced Losses at the end of the second grazing season in between 50 and 60% during 2000. Similar losses were Exp. 2 were 35%, leaving an average density of 69 plants found in a clipping study (Sanderson et al., 2003) , rem Ϫ2 , well above the minimum requirement of 25 plants inforcing the observations in this study and suggesting m Ϫ2 proposed by Li et al. (1997b) to maintain productivthat Lancelot plantain has less-than-desirable survivity. Estimates made by Stevens et al. (2000) suggest ability rates in the northeastern USA.
that the addition of chicory to a pasture improvement The initial plant density of Lancelot plantain in April program could double the profitability over a 5-yr pe-1998 (Exp. 1) and May 2000 (Exp. 2) was approximately riod of sheep production in New Zealand when com-300 plants m
, and the final number after 12 mo was pared with an improved pasture program without this approximately 120 plants m Ϫ2 in both experiments. This species. However, the estimates assumed a constant DM indicates that grazing strategy had little or no effect on contribution by chicory over the 5-yr period, which may the persistence of this cultivar. Plant density decreased not be feasible in the northeastern USA unless persisduring the second grazing year in Exp. 2 to 48 plants tence of the species under the region's weather condim
. Results over these three grazing seasons indicate tions is improved. there is little room for improvement of plantain survival In Exp. 1, tiller density of Pennlate orchardgrass from through changes in grazing strategy. Studies of the deApril 1998 to April 1999 was, on average, 50% lower mography of plantain suggested a half-life length of 2 (Fig. 1) . In Exp. 2, tiller density fluctuations throughout yr on both closely and undergrazed pastures (Kuiper the 2-yr study appear to follow an expected seasonal and Bos, 1992). The greatest losses occurred during the pattern (Fig. 2) . Changes in tiller density of Pennlate first year; thereafter, losses were not age-related. Other orchardgrass and plant density of Puna chicory together studies suggest that losses in plant density of Lancelot with visual observations of weed invasion (data not shown) were taken as a measure of stress imposed by each grazing strategy. The comparison of experiments suggests that a canopy-height-based strategy, as opposed to a fixed rotation schedule, allows for better control of the stress imposed and, consequently, improves the persistence of these species.
CONCLUSIONS
Our results demonstrate that, of the three chicory cultivars tested, Puna chicory as a pure stand would be a good complement to Pennlate orchardgrass pastures. Although the summer productivity of Puna chicory after 3 yr of study and under a variety of grazing strategies did not exceed that of Pennlate orchardgrass, both species showed good performance under unfavorable summer weather. The reduced yields observed on Puna chicory over the years could be related to plant density losses over time and/or a slower regrowth after winter. A plant-based grazing strategy was more effective at minimizing plant losses in Puna chicory but did not eliminate them. Finally, neither Grasslands Lancelot nor Ceres Tonic plantain would be appropriate cultivars for perennial pastures in the northeastern USA due to their low winter survival. his reviews and commentaries, Mr. Jerry Elwinger for his
